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INFLUENCE OF MORPHINE ON TISSUE
PERMEABILITY AND THE SPREADING
EFFECT OF HYALURONIDASE*
RAYMOND L. CAHEN AND MARCEL GRANIER
Work recently reviewed by Duran-Reynals,6 in whose laboratory
this investigation was carried out, has provided facts which form the
basis for a concept of the permeability of connective tissue. Tissue
permeability has a normal constitutional state or tonus which can be
increased by certain factors anddecreased by others. Of the former,
the most important are the spreading factors, some of which are
identified as mucolytic enzymes, hyaluronidases,4 endowed with the
property of hydrolyzing the hyaluronic acid of the intercellular
cement of the connective tissues, and thus promoting the spreading
of materials injected intradermally.
In the present investigation we report results concerning the
effects exerted by morphine on tissue permeability, as shown by the
distribution of India ink, suspended either in saline solution or in
testicular extract (hyaluronidase), after intradermal injection.
Experimental method
Albino rats weighing from 150 to 250 gm. and rabbits weighing
from 1.5 to 2.0 kg. were employed. Either males or females may
be used but young animals are more suitable for the tests because
oftheir morepermeable skin. Twenty-four hoursbeforetheexperi-
ment the hair of both flanks was removed with an electric clipper.
Animals showing scars or pigmented areas were discarded. The
materials injected, other than morphine sulfate in a I per cent solu-
tion, were Higgins India ink diluted in two volumes of 0.9 per cent
sodium chloride solution and a powdered stable preparation of beef
testicular extract partly purified by acid extraction and acetone pre-
cipitation.' The testicular extract was titrated and suspended in 100
volumes of physiological saline. This was centrifuged at 2,000
r.p.m.; the resulting supernatant fluid was employed in the tests.
The rats were injected intradermally at one place on the right
flank with a mixture of 0.1 cc. of saline and 0.05 cc. of India ink
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and at another place on the same flank with a mixture of 0.1 cc. of
testicular solution and 0.05 cc. of India ink. Rabbits were similarly
injected but using 0.5 cc. testicular solution and 0.25 cc. of the ink
solution. Twenty hours later, the areas of spreading were counter-
drawn on cellophane and the surfaces of the resultant drawings were
measured with a planimeter and recorded in square centimeters.*
The animals were then injected subcutaneously with a solution of
morphine sulfate in doses of 10, 25, and 100 mg. per kg. of body
weight for the rats and 15 mg. for the rabbits.t Twenty minutes
after the morphine, the injections of India ink, mixed either with
saline or testicular extract, were repeated in the left flank and the
results were recorded 20 hours later.
To prevent the animals under morphine from lying on their
side11 they were placed in a special box so that the spreading of the
materials employed was not disturbed by pressure.
Results
The results of the tests are given in the table.
It is clear that morphine causes a diminution of the tissue per-
meability of the skin as measured by the spreading of India ink.
The reduction of the spreading area is 18.5 per cent in rats injected
with 10 mg. morphine per kg. body weight, which is not very impor-
tant; but it is 58 and 40 per cent respectively in the animals which
received 25 and 100 mg. In the rabbit the action of 15 mg. per kg.
is not very remarkable (17 per cent decrease in spreading).
The data in the table also show that morphine decreases con-
siderably the spreading effect of the hyaluronidase of testicular
extract, the reduction being 42, 63, and 61 per cent in the rats
injected with 10, 25, and 100 mg. of the drug per kg. body weight,
while the reduction was 45 per cent in the rabbits injected with
15 mg.
Furthermore, other experiments have been carried out in which
equal volumes of testicular extract 1:100 and morphine solutions
1:2000 and 1:20,000 were mixed and incubated at 370 for 30
* According to Duran-Reynals and from our experience the area of spreading is
constant for the same animal which receives repeated injections of dye under
identical conditions.
t This dosage corresponds to a therapeutic effect and is far from the lethal dose.
In controls of the same litter the L.D.5o observed was 0.3 gm. per kg. for the rabbit
and 0.5 gm. per kg. for the rat subcutaneously.
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EFFECT OF MORPHINE UPON THE SPREADING OF INDIA INK AND
OF INDIA INK PLUS TESTICULAR EXTRAC,T
Spreading of India Ink plus
Spreading of India Ink in Saline Testicular Extract
Before After Before After
morphine morphine Inorphine morphine
Area Value I Relative Differ- Area Value Relative Differ-
cm.2 100 area % ence % P*
I cm.2 100 area %o ence %J P*
Rat Series 1, morphine 10 mg./kg.
1 2.5 100 120 -20 0.05 5.5 100 72 28 0.0001
2 1.3 100 130 -30 13.5 100 30.3 69.7
3 2.5 100 60 40 8.0 100 30 70
4 2.0 100 50 50 6.0 100 23.3 76.7
5 3.3 100 33 67 7.5 100 30.6 69.4
6 1.3 100 92 8 4.0 100 87.5 12.5
7 0.9 100 90 10 4.7 100 74.4 25.6
8 0.8 100 75 25 5.5 100 116.3 -16.3
Mean 1.85.'0.115 18.5 8.6 6.84k1.06 41.95 9.9
Series 2, morphine = 25 mg./kg.
9 2.3 100 13 87 0.00001 11.2 100 25 75 0.0001
10 3.8 100 1-8 82 12.8 100 25 75
11 2.3 100 74 26 7.0 100 32.9 67.1
12 3.0 100 23.3 76.7 6.0 100 23.3 76.7
13 1.5 100 80 20 5.1 100 49 51
14 1.1 100 54.5 45.5 5.5 100 45.4 54.6
15 2.0 100 30 70 11.0 100 20 80
16 2.5 100 48 52 4.5 100 77.8 22.2
Mean 2.3'0.219 57.7a9.06 7.9"'1.15 62.7'=6.89
Series 3, morphine 100 mg./kg.
17 5.7 100 5.2 94.8 0.001 20.0 100 12.5 87.5 0.01
18 1.0 100 140 -40 8.5 100 31.7 68.3
19 2.8 100 35 65 3.1 100 69.7 30.3
20 1.4 100 121.4 -21.4 4.0 100 47.5 52.5
21 1.8 100 33.3 66.7 6.6 100 39.4 60.6
22 0.2 100 50 50 4.6 100 32.6 67.4
23 1.2 100 33.3 66.7 2.8 100 42.8 57.2
Mean 2.01 0.65 40.25S'11.37 7.09a=2.15 60.83=b20.16
Rabbit morphine
- 15 mg./kg.
1 10.0 100 95 5 0.0001 - 33.5 100 43.3 56.7 0.0001
2 14.4 100 83.3 16.7 19.5 100 58 42
3 6.0 100 100 0 35.0 100 57.1 42.9
4 5.5 100 72 28 11.0 100 36.3 63.7
5 7.0 100 88.5 11.5 25.5 100 62 38
6 9.5 100 89 11 45.0 100 48 52
7 5.2 100 96 4 25.5 100 68 32
8 7.0 100 92 8 23.0 100 60.8 39.2
9 13.5 100 63 37 _____ 38.5 100 50 50
Mean 9.8"'2 16.8"'3.34 28.5-4.8 45.2"'4.06
* P
- Probable coincidence calculated according to the method described by R. A.
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minutes. As a control the same solution of testicular extract was
mixed with an equal volume of 0.9 per cent saline. After incuba-
tion, 0.5 cc. of each of the test mixtures together with 0.25 cc. of
India ink solution was injected intradermally into one flank of each
of 12 rats and the control mixtures were similarly mixed with ink
and injected into the opposite flanks. Measurements of the areas
of spreading 20 hours later showed that the mixtures containing
morphine had spread from 50 to 70 per cent less than had the control
mixtures.
Discussion
In trying to interpret the results obtained two groups of facts
must be kept in mind. First, morphine is known to inhibit cer-
tain enzymes, such as respiratory dehydrogenases'2 and cholinester-
ase.l11, 18 Second, morphine has an adrenergic effect2'
, ' and it
is known7'
' that epinephrine restricts the spreading effect of
hyaluronidase. At present it is not possible to decide which of the
explanations is more plausible. Studies on the effect of morphine
on the in vitro effect of hyaluronidase or hyaluronic acid are con-
templated.
Conclusion
Morphine administered shortly before the injection of India ink
suspended in either saline or testicular extract (hyaluronidase)
restricts considerably its spreading in the skin of rats and rabbits.
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